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Background of the Invention 
[0001] Electronic storage devices have the capability to store information in 
electronic form. These devices typically include a media for storing the 
information and some form of read and write mechanisms for reading 
information from the media and writing information to the media, respectively. 
The devices also include a system for identifying locations on media where 
information may be read or written. 

[0002] To store information, a storage device generally positions its write 
mechanism relative to the location on the media where the information is to be 
written. The write mechanism then causes the information to be stored. For the 
storage device to operate properly, the device needs to be able to read the stored 
information. In other words, the device needs to be able to reliably retum a read 
mechanism to the location on the media where the information was stored. 
Otherwise, information that is written to the device may not be retrieved from 
the media. 

[0003] One type of storage device is a memory module that includes one or 
more micromovers, i.e. movers, that use flexures to move a media relative to a 
plurality of read and write mechanisms. As the movers move then media, the 
read and write mechanisms read from or write to the media at designated 
locations. As with storage devices generally, a memory module needs to be able 
accurately position its read and write mechanisms to allow information to be 
retrieved reliably. 

Summary of the Invention 
[0004] Embodiments of the present invention provide a semiconductor memory 
that includes a controller and a media including first information. A first 
read/write mechanism is provided including an electron emitter configured to 
read the first information. The controller is configured to receive a first signal 
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generated in response to the first information being read and generate a second 
signal configured to cause a position of the media to be adjusted relative to the 
electron field emitter in response to the first signal. 

Brief Description of the Drawings 
[0005] Embodiments of the invention are better understood with reference to the 
following drawings. The elements of the drawings are not necessarily to scale 
relative to each other. Like reference numerals designate corresponding similar 
parts. 

[0006] Figure 1 is a diagram illustrating an embodiment of a memory module. 
[0007] Figure 2 is a diagram illustrating an embodiment of clusters on a mover. 
[0008] Figure 3 is a bloclc diagram illustrating an embodiment of a system that 
includes servo information. 

[0009] Figure 4 is a diagram illustrating an embodiment of servo infomiation. 
[0010] Figure 5 is a diagram illustrating an example of reading servo 
information. 

[0011] Figure 6 is a block diagram illustrating an embodiment of a servo 
demodulator. 

[0012] Figure 7 is a flow chart illustrating an embodiment of a method for 

generating position information using servo information. 

[0013] Figure 8 is a flow chart illustrating an embodiment of a method for 

generating timing information using servo information. 

[0014] Figure 9 is a flow chart illustrating an embodiment of a method for 

storing servo information in a memory module. 

Detailed Description 
[0015] Figure 1 is a diagram illustrating an embodiment of a memory module 
100. Memory module 100 includes a plurality of movers 102. Each mover 102 
includes a plurality of clusters 104. Each cluster 104 includes a plurality of 
patches 106, and each patch 106 includes a plurality of tracks 108. 
[0016] One example of the memory module 100 is shown and described in 
United States Patent No. 5,557,596. entitled "ULTRA-HIGH DENSITY 
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STORAGE DEVICE*' and listing Gary Gibson et al. as inventor, which is 
incorporated by reference herein. 

[0017] In the embodiment shown in Figure 1, the memory module 100 includes 
sixteen movers 102, movers 102 each include sixteen clusters 104, clusters 104 
each include one hundred eight patches 106, and patches 106 each include one 
thousand tracks 108. In other embodiments, memory module 100 includes other 
numbers of movers 102, movers 102 each include other numbers of clusters 104, 
clusters 104 each include other numbers of patches 106, and patches 106 each 
include other numbers of tracks 108. 

[0018] Memory module 100 comprises a storage device configured to store 
information. The information may include instructions and / or data processable 
by a processing system, such as a computer system, as well as other types of 
information such as servo information as described herein. The information is 
stored along the pluredity of tracks 108 which run in parallel with each other in 
each patch 106. A read / write mechemism 110, such as an electron field emitter 
configured to generate an electron beam current and sense diode, is associated 
with each patch 106 and is configured to read and write information along tracks 
108 in a respective patch 106. 

[0019] Each mover 102 includes a plurality of flexures 112 configured to cause 
I a position of a mover 102 to be changed or adjusted. In particular, flexures 112 

of a mover 102 cause the mover 102 to be moved relative to the plurality of read 
/ write mechanisms 1 10 to allow information to be read and written along each 
of the tracks 108 in each of the patches 106 in each of the clusters 104 of the 
mover 102. 

[0020] Figure 2 is a diagram illustrating an embodiment of clusters 104 on a 
mover 102. In the embodiment of Figure 2, mover 102 includes fifteen data 
clusters 104 and one servo cluster 202. Servo cluster 202 includes four patches 
106 (not shown) that include servo information as described herein below. The 
four patches 106 each have an associated read / write mechanism 1 10 that arc 
configured to read and write the servo information. Each mover 102 in the 
embodiment of Figure 1 includes a servo cluster 202 as just described. In other 
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embodiments, mover 102 may include other numbers of data clusters 104 and 
servo clusters 202. 

[0021] Figure 3 is a block diagram illustrating an embodiment of a system 300 
that includes servo information in servo clusters 202. System 300 includes 
mover 102, read / write mechanisms 1 10, controller 302, and interface 304. 
Mover 102 includes media 312. 

[0022] Media 312 refers collectively to clusters 104 and servo clusters 202 as 
shown in Figures 1 and 2. Accordingly, media 312 includes servo information 
and is configured to store information that can be read and written by read / write 
mechanisms 1 10 as indicated by an arrow 322. 

[0023] Read / write mechanism 1 10 is configured to read servo cluster 202 and 
provide signals associated with the servo information stored in servo cluster 202 
to controller 302 as indicated by an arrow 324. Controller 302 includes a servo 
demodulator 314 configured to receive the signals associated with the servo 
information. Servo demodulator 3 14 generates position and timing information 
using the signals associated with the servo information, provides the position 
information to mover 102 as indicated by an arrow 326, and provides the timing 
information to read / write mechanism 304 as indicated by arrow 324. 
[0024] In response to receiving the position information, mover 102 changes or 
adjusts the position of media 312 relative to read / write mechanism 304 as will 
be described in additional detail herein below. 

[0025] In response to receiving the timing information, read / write mechanism 
110 determines read and write windows, i.e. time periods, for reading and 
writing to media 312 as will be described in additional detail herein below. 
[0026] Read / write mechanisms 110 respond to read and write commands 
received from an external device using interface 304 as indicated by an arrow 
330. In response to a read or write command, read / write mechanisms 110 read 
from or write to media 312 as indicated by the arrow 322. Controller 302 
provides control signals to interface 310 as indicated by an arrow 332 and to 
read / write mechanism 304 as indicated by the arrow 324. 
[0027] Figure 4 is a diagram illustrating one embodiment of servo information 
generally at 400. The servo information 400 is stored in a patch 106 of servo 
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cluster 202. Servo information 400 includes a plurality of servo bits 402 
represented by shaded circles and arranged as shown in Figure 4. In particular, 
servo bits 402 are arranged on both sides of each track 108. Tracks 108 include 
track 0 through track n where n is an integer greater than zero (e.g. 1000). Each 
track 108 is represented by a dotted horizontal line 404. Horizontal ellipses (i.e. 

. between servo bits 402 indicate that a portion of the horizontal pattern of 
servo bits 402 are not shown in Figure 4. Servo bits 402 are also arranged in 
vertical A and B regions represented by dashed lines 406. Vertical ellipses 
between tracks 108 indicate that a number of tracks 108 are not shown in Figure 
4. 

[0028] Each servo bit 402 represents a region in media 312 that is configured to 
generate an analog signal in response to being read by read / write mechanisms 
110. The type of analog signal generated in response to servo bits 402 may 
depend on the type of media used in media 312. 

[0029] Read / write mechanism 110 reads servo bits 402 along track 0 from left 
to right as represented by a symbol 408a, and read / write mechanism 110 reads 
servo bits 402 along track 1 from right to left as represented by a symbol 408b. 
The analog readback signal generated by read / write mechanism 110 moving in 
either direction is shown in a graph 422. 

[0030] Servo information 400 is divided into three regions: two preamble 
regions 412a and 412b and a track region 414. Graph 422 illustrates the analog 
signal detected by read / write mechanism 1 10 as it passes over the servo bits 
402 in each of these regions. The height of peaks of graph 422, such as peaks 
424 and 426, indicate the amplitude of the analog readback signal as it is 
generated by read / write mechanism 1 10. 

[0031] In preamble regions 412a and 414b, read / write mechanism 1 10 detects 
servo bits 402 on both sides of a track 108 as it passes over each successive A 
region. Accordingly, the analog readback signal generated by read / write 
mechanism 1 10 in these regions have relatively high peaks, such as peak 424, 
and the analog readback signal effectively reflects a sununation of the servo bits 
402 from each side of the track 108. Over the B regions in preamble regions 
412a and 414b, read / write mechanism 1 10 does not detect servo bits 402 on 
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either side of a track 108. Accordingly, the analog readback signal is effectively 
zero over the B regions as indicated by a zero region 428. 
[0032] In the track region 414, read / write mechanism 1 10 detects a servo bit 
402 on one side of a track 108 at a time as it passes over the successive A and B 
regions. Accordingly, the analog readback signal generated by read / write 
mechanism 1 10 in this region has relatively lower peaks, such as peaks 430 and 
432, than the peaks in the preamble regions 412a and 412b. The peaks in the 
track region, however, are generated in both the A and B regions as illustrated by 
peaks 430 and 432, respectively. Each of the analog readback signal peaks is 
generated by a single servo bit 402 in track region 414. 

[0033] Graphs 440 and 450 each show a timing signal generated from the analog 
readback signal of graph 422 and will be described in additional detail with 
reference to Figure 6 below. 

[0034] Figure 5 illustrates the reading of servo information 202. In Figure 5, 
read / write mechanism 1 10 is shown at three different points 502a, 502b, and 
502c along track 108 in the track region 414 of servo information 202 shown in 
Figure 4. Graph 504 illustrates the analog readback signal generated at each of 
these points. 

[0035] At point 502a, read / write mechanism 1 10 is centered on track 108 as it 
moves along track 108. Accordingly, read / write mechanism 110 detects servo 
bits in the A and B regions equally and peaks 512 and 514 of the analog 
readback signal generated by read / write mechanism 1 10 in the A and B regions, 
respectively, are of equal amplitude as indicated by a dotted line 516. 
[0036] At point 502b, however, read / write mechanism 1 10 drifts toward the 
side of track 108 where the servo bits appear in the A regions as it moves along 
track 108. As a result, read / write mechanism 1 10 detects servo bits in the A 
regions more strongly than it detects the servo bits in the B regions. 
Accordingly, peaks of the analog readback signal in the A regions, such as peak 
522, have a higher amplitude than the peaks in the B regions, such as peak 524, 
as indicated by a difference between the peaks 526. 

[0037] At point 502c, read / write mechanism 110 drifts toward the side of track 
108 where the servo bits appear in the B regions as it moves along track 108. As 
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a result, read / write mechanism 110 detects servo bits in the B regions more 
strongly than it detects the servo bits in the A regions. Accordingly, peaks of 
the analog readback signal in the B regions, such as peak 532, have a higher 
amplitude than the peaks in the A regions, such as peak 534, as indicated by a 
difference between the peaks 536. 

[0038] Figure 6 is a block diagram illustrating an embodiment of a servo 
demodulator 314. In the embodiment of Figure 6, servo demodulator 314 
includes an amplifier and filter circuit 602, a pulse detector circuit 604, a digital 
phase-locked loop circuit 606, an amplitude detector circuit 608, a summation 
circuit 610, and an automatic gain control (AGC) integrator circuit 612. 
[0039] Servo demodulator 314 receives the analog readback signal from read / 
write mechanism 1 10 as indicated by an arrow 622. The analog readback signal 
is provided to amplifier and filter circuit 602 where the signal is amplified and 
filtered before being provided to pulse detector circuit 604 and amplitude 
detector circuit 608 as indicated by an arrow 624. 

[0040] Amplitude detector circuit 608 receives the amplified and filtered signal 
from amplifier and filter circuit 602. In response to the amplified and filtered 
signal and the pulse output signal or signals, amplitude detector circuit 608 
generates an A peak signal and a B peak signal. The A peak signal is associated 
with servo bits read from the A region of servo information 202, and the B peak 
signal is associated with servo bits read from the B region of servo information 
202. The A peak signal and the B peak signal are provided to summation circuit 
610 as indicated by arrows 630 and 632, respectively. 

[0041] In response to the A peak signal and the B peak signal, summation circuit 
610 generates a difference signal that represents a difference of the A peak signal 
and the B peak signal and a sum signal that represents a sum of the A peak signal 
and the B peak signal. The difference signal is provided to mover 102 as a 
position error signal as indicated by an arrow 634. The sum signal is provided to 
AGC integrator circuit 612 as indicated by an arrow 636. 
[0042] In response to the sum signal, AGC integrator circuit 612 generates an 
AGC feedback signal and provides the AGC feedback signal to amplifier and 
filter circuit 602 as indicated by an arrow 638. Amplifier and filter circuit 602 
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generates a differential output signal in response to the AGC feedback signal and 
the analog readback signal and provides the differentieil output signal to pulse 
detector circuit 604. 

[0043] The position error signal generated by sunmiation circuit 610 comprises 
position information that is used to adjust the position of mover 102 to ensure 
that read / write mechanisms 110 remain centered along tracks 108 as mover 102 
moves media 312 relative to read / write mechanisms 110. In particular, the 
amplitude and polarity of the position error signal may be used to adjust mover 
102. 

[0044] Referring back to Figure 5, when read / write mechanism 1 10 is properly 
centered on track 108, peaks from the A and B regions, such as peaks 512 and 
514, respectively, are approximately equal. Accordingly, the difference between 
the two peaks is approximately zero and the position error signal will be 
approximately zero. When read / write mechanism 1 10 is not properly centered 
on track 108, however, peaks from the A and B regions are not equal and a 
difference between the amplitude of the peaks, such as the differences indicated 
by arrows 526 and 536, will be reflected in the amplitude and polarity of the 
position error signal. The amount of difference between peaks from the A and B 
regions indicates the amount of adjustment for mover 102 to make to media 312, 
and the polarity of the difference, i.e. whether the A peak is larger than the B 
peak or vice versa, indicates the direction of the adjustment. For example, where 
the A peaks are larger than the B peaks, the position error signal indicates to 
mover 102 to move media 312 in one direction and where the B peaks are larger 
than the A peaks, the position error signal indicates to mover 102 to move media 
3 12 in the opposite direction. In both cases, the adjustment causes the read / 
write mechanisms 1 10 to be aligned with the center of tracks 108. 
[0045] In this way, the analog readback signal generated by reading the servo 
information translates into position information that is used by mover 102 to 
adjust the position of media 312 to ensure that read / write mechanisms 110 stay 
centered in tracks 108. 

[0046] Figure 7 is a flow chart illustrating an embodiment of a method for 
generating position information using servo information. The method of Figure 
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7 will be described with reference to Figures 3 and 6. Servo information is read 
from cluster 202 using a read mechanism such as read / write mechanism 1 10 as 
indicated in a block 702. Position information is generated using the servo 
information as indicated in a block 704. The position information may be 
generated using the embodiment of servo demodulator 314 shown in Figure 6 or 
another suitable hardware or software module. A position of media 3 12 is 
adjusted using the position information as indicated in a block 706. In particular, 
mover 102 adjusts the position of media 312 relative to read / write mechanisms 
1 10 to ensure that read / write mechanisms 110 remain centered over tracks 108 
on media 312. 

[0047] Referring back to Figure 6, pulse detector circuit 604 receives the 
amplified and filtered signal from amplifier and filter circuit 602 as noted above. 
In response to receiving the amplified and filtered signal, pulse detector circuit 
604 creates one or more series of pulses. Each series of pulses is generated in 
response to the analog readback signal which is in tum generated by reading the 
servo bits from the preamble regions 412a and 412b and the track region 414. In 
particular, the analog readback signal generated by reading the A regions in 
servo preamble region 412a or 412b causes pulse detector circuit 604 to generate 
pulses at a frequency equal to the frequency of the peaks in the preamble regions 
412a and 412b. Pulse detector circuit 604 continues to generate pulses through 
the track region 414 as the read / write mechanism 1 10 continues to generate the 
analog readback signal. 

[0048] The pulses generated by pulse detector circuit 604, in both preamble 
regions 412a and 412b and track region 414, are provided to phase-locked loop 
circuit 606 as indicated by an arrow 626. Phase-locked loop circuit 606 
generates one or more pulse output signals. In particular, the pulses from 
preamble regions 412a and 412b provide phase-locked loop circuit 606 with a 
single timing phase for lockup. This phase relationship is maintained through 
track region 414 to allow phase-locked loop circuit 606 to generate correctly 
phased pulse output signals corresponding to the A and B regions throughout the 
track. The pulse output signal or signals are provided to amplitude detector 
circuit 608 and to read / write mechanism 304 as indicated by an arrow 628. 
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Referring back to Figure 4, a first one of the pulse output signals is illustrated in 
graph 440 and a second one of the pulse output signals is illustrated in graph 
450. 

[0049] The pulse output signals generated by phase-locked loop circuit 606 each 
comprise timing information that is used to generate read and write timing 
windows for reading and writing information to media 312 as mover 102 moves 
media 312 relative to read / write mechanisms 304. For example, each of the 
high phases of the pulse signals shown in graphs 440 and 450 may be used as 
read and write windows where each read / write mechanism 1 10 of mover 102 
reads or writes to a location on a track 108 on media 312. Locations on each 
track 108 that align with the A regions of the servo track may be read from or 
written to during a high phase of the pulse signal shown in graph 440, and 
locations on each track 108 that align with the B regions of the servo track may 
be read from or written to during a high phase of the pulse signal shown in graph 
450. 

[0050] Figure 8 is a flow chart illustrating an embodiment of a method for 
generating timing information using servo information. The method of Figure 7 
will be described with reference to Figures 3 and 6. Servo information is read 
from cluster 202 using a read mechanism such as read / write mechanism 1 10 as 
indicated in a block 802. Timing information is generated using the servo 
information as indicated in a block 804. The timing information may be 
generated using the embodiment of servo demodulator 314 shown in Figure 6 or 
another suitable hardware or software module. Read and write windows are 
generated using the timing information as indicated in a block 806. The read and 
write windows allow read / write mechanisms 1 10 to read and write information 
to and from media 3 12 at appropriate times as mover 102 moves media 312 
relative to read / write mechanisms 110. 

[0051] Figure 9 is a flow chart illustrating an embodiment of a method for 
storing servo information in a memory module. The method of figure 9 will be 
described with reference to Figures 2 and 3. In Figure 9, servo information is 
written to cluster 202 using a write mechanism such as read / write mechanism 
1 10 as indicated in a block 902. The servo information may be written to cluster 
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202 during the manufacturing process of a memory module. For redundancy 
purposes, the servo information may also be written to additional clusters 202. 
The write mechanism is disabled as indicated in a block 904. The write 
mechanism or the write portion of a read / write mechanism 110 associated with 
cluster 202 may be disabled to prevent the servo information from being 
overwritten. The function of block 904 may be omitted in certain embodiments. 
[0052] In other embodiments, servo bits 402 are arranged in a different patterns 
or configurations to cause a different analog readback signals to be created. For 
example, a servo bit pattern may include track identifiers, special timing marks, 
and burst A and B region pulse patterns. The analog readback signals may be 
used in ways other than those illustrated above to create timing and / or position 
information used to control memory module 100. In addition, servo bits 402 
may by non-circular regions in other embodiments. 
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